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ABSTRACT 

The maximum inhibitory dilution (MID) of triclosan-based mouthwashes against 28 Staphylococcus aureus 
strains was evaluated. Dilutions ranging from 1/10 to 1/655,360 were prepared. Strains were inoculated using 
a Steers multipoint inoculator. The MID was considered as the maximum dilution capable of inhibiting 
microorganism growth. The mouthwashes presented different MIDs. 

Key-words: microorganism, bacteria, mouthwash, triclosan. 



Triclosan has been used for over 30 years in skincare 
products, such as soaps, deodorants, and creams. In dentistry, 
it was first used in an European toothpaste in 1985 (6). Today, 
triclosan is the active ingredient in many oral hygiene 
formulations. 

McMurry et al. (9) demonstrated in a study with Escherichia 
coli that the antiseptic activity of triclosan is due to its ability 
to block the synthesis of fatty acids by inhibiting the enoyl- 
acyl carrier protein reductase enzyme. Aiming to increase its 
efficacy, triclosan has been associated to other substances, 
such as zinc citrate, a complementary antimicrobial agent (2). 
Saxton (13) demonstrated in vivo that a toothpaste containing 
1% zinc citrate and 0.5% triclosan resulted in greater plaque 
inhibition than products containing zinc citrate or triclosan alone. 
Triclosan combined with methylvinyl ether/maleic acid (PVM/ 
MA) copolymer is also more efficacious in controlling dental 
plaque and caries in both in vivo and in vitro studies (10). 

Staphylococcus aureus is a major human pathogen, 
responsible for a number of hospital-acquired infections (8). 
This microorganism is able to colonize several locations in the 
human body, but the mouth and hands are the main reservoirs 
for propagation of this germ in the hospital environment (7,1 1). 



Therefore, control of Staphylococcus aureus is extremely 
relevant for the determination of the antiseptic properties of 
hygiene products. 

The goal of this study was to determine the maximum 
inhibitory dilution (MID) in vitro of four triclosan-based 
mouthwashes against 28 Staphylococcus aureus field strains 
using the agar dilution method. 

Four triclosan-based mouthrinses were evaluated (Table 
1). Determination of the MID was performed in duplicate by 
double serial dilution (from 1/10 through 1/655,360) in test 
tubes (20x200 mm) with 2.0ml of sterile distilled water. After 
dilutions were made, 18.0ml of Mueller Hinton Agar culture 
medium (Difco®) were added to each tube, and the resulting 
solutions were poured onto Petri dishes (20x1 00 mm). 

The microbial inoculum (~10 8 CFU/mL) with turbidity 
equivalent to a McFarland standard of 0.5 was prepared in test 
tubes (15x125 mm) with saline, using 28 S. aureus field strains 
obtained from nasal and oral cavities. The strains were 
conserved on a collection cultured on Ni agar medium (5). The 
identification of S. aureus was based on the production of 
catalase and coagulase. Regardless results for coagulase test, 
all catalase positive Gram positive cocci were submitted to the 
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Table 1. Composition and manufacturers of the mouthrinses evaluated. 



Mouthrinses 




Composition 




- Sodium fluoride 0.05% 


- Sodium saccharin 




(226ppm fluoride ion) 


- Sodium lauryl sulphate 


SanifilPAcao Total 


- Sorbitol 70% 


- Ethanol 


(Facilit Odontologica e Perfumaria 


- Methylparaben 


- Mint flavor 


LTDA, Brazil) 


- Triclosan 


- CI 42090 




- Cetyl pyridinium chloride 


- CI 19140 

- Deionized water 




- Benzoic acid 


- Poloxamer407 




- Zinc chloride 


- Sodium saccharin 




- Methyl vinyl ether-co-maleic 


- Sorbitol 


IVld.lvaLIlC'lll llUb ^_Ld.UUId.LU-LlU 


anhydride copolymer 

- EDTA- Malva sylvestris L . 

- Sodium monofluorophosphate 


- Triclosan (0.03%) 

- Xylitol 

- CI 42090 




(225ppm fluoride) 


- CI 47005 




- Hydrogenated castor oil 


- Flavoring agents 

- Demineralized water 






- Methylparaben 




- Phosphoric acid 


- Mint oil 




- Titanium dioxide 


- Sodium perborate 


Malvatricin® Branqueador 


- Eucalyptol 


- Hydrogen peroxide 


(Laboratorio Daudt Oliveira 


- Sodium fluoride (225ppm fluoride) 


- Sorbitol 


LTDA, Brazil) 


- Glycerin 


- Triclosan (0.03%) 




- Malva sylvestris L. 


- Flavoring agents 

- Demineralized water 






- Sodium lauryl sulphate 




- Ethanol 


- Sodium methyl taurate 




- PVM/MAcopolymer(0.20%) 


- Sodium saccharin 


Plax® (Colgate-Palmolive - 
Industria e Comercio LTDA, Brazil) 


- Sodium fluoride (227ppm fluoride) 

- Disodium phosphate 

- Glycerin 


- Sorbitol 

- Triclosan (0.03%) 

- Red CI 16035 




- Sodium hydroxide 


- Flavoring agents 



- Water 



API-Staph system (bioMerieux, France) for biochemical 
identification. 

Microorganisms were seeded using a Steers multipoint 
inoculator (17). The Steers inoculator consists of two metallic 
plates: one of these plates has 25 wells onto which 200.0 |il of 
each standardized microbial inoculum were transferred. The other 
plate has 25 metallic needles that fit into the wells. Using these 
needles, the inocula were seeded onto the surface of the culture 
medium in Petri dishes containing different dilutions of the 
mouthwashes. Since the Steers inoculator has 25 wells and 28 
strains were evaluated, three inocula (5.0 |iL) were seeded 
equidistantly from each other, approximately one centimeter from 
the periphery of each Petri dish, using an automatic pipette. 



The dishes were then incubated at 37°C for 24 hours, and 
readings were performed considering the MID as the greatest 
dilution of mouthwash capable of inhibiting growth of all the 
strains evaluated, following the methodology by Wade & Addy 
(18). The examiners were calibrated and were blinded to the 
groups being evaluated. 

Results were expressed as scores determined from minimum 
to maximum dilution and comparison between all groups was 
performed using the Kruskal-Wallis's nonparametric test. When 
this test showed significant difference between the groups, the 
Dunn's multiple comparison test, which allows two-by-two 
comparison between groups, was applied. The significance level 
used for the statistical testing was 5% (p<0.05). 



570 



Antibacterial activity of mouthrinses 



The mouthwashes evaluated presented different MIDs (Fig. 
1). Statistical analysis demonstrated significant difference 
among the four products evaluated (p<0.05), with Plax® being 
the most efficacious (p<0.001). Sanifill® Acao Total was the least 
efficacious (p<0.001). No significant difference was observed 
between Malvatricin® Plus and Malvatricin® Branqueador 
(p>0.05). 



MID - Mouthwashes with Triclosan 



120% 




Dilutions 



Sanifill (AT) 
Malvatricin Plus 



Malvatricin Branq. 
Plax 



Figure 1. Graph depicting MID values obtained for each 
solution evaluated. 



Plax' s; contains 0.03% triclosan with sodium fluoride (225 ppm 
fluoride) and 0.20% methylvinyl ether/maleic acid (PVM/MA) 
copolymer as active ingredients. The presence of PVM/MA 
may explain the better performance of Plax® compared to both 
Sanifill"" Acao Total and Malvatricin® Branqueador, which do 
not include the polymer. Nabi et al. (10) demonstrated that the 
PVM/MA polymer increased the antibacterial activity of 
solutions containing triclosan. 

Another polymer was evaluated by Singh et al. (15), who 
tested, in vivo, a mouthwash containing 0.03% triclosan and 
0.25% copolymer of methoxyethylene and maleic acid. This 
formulation resulted in 3 1 .03% reduction in plaque formation 
compared to a placebo mouthwash. In an in vivo study, 
Sreenivasan et al. (16) demonstrated that a mouthwash 
containing 0.03% triclosan and copolymer significantly reduced 
the number of the oral bacteria evaluated in comparison with 
placebo. 

Sanifill" 1 Acao Total contains triclosan and cetylpyridinium 
chloride (CPC) in its formulation. CPC is an antimicrobial agent 
widely employed in mouthrinse formulations (12,19). The 
manufacturer of Sanifill® Acao Total does not provide information 
regarding the percentage of triclosan and CPC present in its 



composition. This combination did not improve the antimicrobial 
activity of the product, since this mouthwash presented the 
lower inhibition values according to the results of the present 
study. In spite of the inferior results, it is not possible to 
categorically affirm that Sanifill is the least effective mouthrinse 
because clinical evaluations may be influenced by the 
cumulative effect of inhibition of the microorganism and 
alteration of its capacity to adhere and form biofilm after 
continuous use of the solution. 

Albuquerque Jr et al. (1), evaluated the MID for 
Cepacol®, a mouthwash containing 0.05% CPC. This product 
inhibited 25 S. aureus strains when diluted at up to 1/20. In the 
present study, Sanifill® Acao Total inhibited all 28 S. aureus 
strains up to 1/80 dilution. These results demonstrate that the 
combination of triclosan and CPC improves the efficacy of the 
mouthwash. 

Malvatricin® Plus has 0.03% triclosan and sodium 
monofluorophosphate (225 ppm fluoride) in its formulation. In 
addition to these active ingredients, it also contains methylvinyl 
ether/maleic acid (PVM/MA) copolymer. The lower efficacy of 
Malvatricin® Plus compared to Plax® may be due to the presence 
of ethanol in Plax®, which may contribute for its antimicrobial 
action. Herrera et al. (4) evaluated the antimicrobial activity of 
four commercially available mouthrinses, three containing 0. 12% 
chlorhexidine (one containing alcohol and two alcohol-free) and 
one product containing 0.12% chlorhexidine and 0.05% CPC 
(alcohol-free). It was observed that the product containing 
alcohol was more effective than the alcohol-free rinses, except 
for the formulation including chlorhexidine and CPC, which 
presented greater antimicrobial activity. 

When Malvatricin® Plus was evaluated in the present study, 
two S. aureus strains grew, even at the minimum dilution used, 
1/10. Fan et al. (3) demonstrated that the high MICs of triclosan 
occurred for S. aureus strains that overexpress the fabl gene, 
which codifies the enoyl-acyl carrier protein reductase, the target 
of triclosan. Furthermore, these authors demonstrated that the 
highest MICs (1 to 2 mg/1) occurred for strains presenting 
mutations in the fabl gene. Therefore, bacterial resistance to 
triclosan may occur due to multiple mechanisms, such as target 
mutations, increased target expression, active efflux from the 
cell, and enzymatic inactivation/degradation (14). 

Malvatricin® Branqueador, similarly to Malvatricin® Plus, 
contains 0.03% triclosan, but its composition does not include 
the copolymer. Even with this variation in composition, both 
presented similar activity, with no statistically significant 
differences. Malvatricin® Branqueador probably includes 
antimicrobial ingredients which are not present in Malvatricin® 
Plus. 

The results of the present study demonstrated that various 
mouthrinses listing triclosan as the active ingredient presented 
different MIDs. This is probably due to the different 
formulations including associations with other active 
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ingredients, such as copolymers, fluoride, CPC, and ethanol. It 
is assumed that the active product concentration and its 
interactions with other substances, in addition to differences in 
the formulations, would be responsible for different effects. 

RESUMO 

Atividade antibacteriana de quatro anti-septicos 
bucais contendo triclosan contra Staphylococcus 
aureus da saliva 

A Diluicao Inibitoria Maxima (DIM) de anti-septicos bucais 
a base de triclosan contra 28 cepas de Staphylococcus aureus 
foiavaliada. DiluicSes de l/10a 1/655.360 foram preparadas. As 
cepas foram inoculadas com inoculador multipontual Steers. A 
DIM foi a maior diluicao do anti-septico que inibiu crescimento 
microbiano. Os anti-septicos apresentaram diferentes DIMs. 

Palavras-chave: microrganismos, bacteria, anti-septicos, 
triclosan 
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